Power requirements in the city of Al Mirfa in western Abu Dhabi are covered by the Al Mirfa Power and Distillation Plant. Comprehensive emission inventories for 2007-2008 were used to execute an ENVIMAN (OPSIS AB Company, Sweden) Gaussian dispersion model to predict ambient ground level concentrations of nitrogen oxides (NO x ), carbon monoxide (CO), particulate matter (PM 10 ) and sulfur dioxide (SO 2 ) at selected receptors considering all emission sources located in the area. Two years of meteorological data was used in conjunction with the dispersion model to compute NO x and SO 2 levels in and around the power plant. To validate the model, computed results were compared with the average values measured at a fixed Air Quality Station in Al Mirfa city. The highest hourly, daily and annual ground level concentrations under exiting meteorological conditions were then analyzed. The computed results for the study area revealed that daily, hourly and annual concentration values did not exceed the Federal Environment Agency (FEA) standard, and the contribution of plant emissions to the ground levels pollutants in the surrounded area range from 3.1 to 109 μg/m 3 for NO 2 , and 1.1 to 41.4 μg/m 3 for CO. This study can be considered a baseline study for any future expansion in the plant. Based on these results, mitigation strategies are not required.
Introduction
Desalination and power generation plants produce varying emissions to the surrounding atmosphere that may adversely impact air quality and cause air pollution in the vicinity of the plants. Studies using regional atmospheric models [1, 2] tend to reveal concentration patterns of pollutants emitted from power plants that are centered over the source of emissions and have substantial health impacts over a large geographic range. Many studies conducted in the United States and Europe has demonstrated that emissions from power plants in compliance with national standards result in health impacts on nearby populations [3] . The impact of an industry will vary according to particular conditions in the area (e.g. pollutant emission rates, meteorological parameters and surrounding characteristics). The health impact of air pollution depends on the pollutant type, its concentration in the air, length of exposure, other pollutants in the air, and individual susceptibility. These factors, in addition to other anthropogenic activities, have increased the levels of hazardous air pollutants such as carbon monoxide, nitrogen oxides, sulfur dioxide, hydrogen sulfide, ozone, hydrocarbons, chlorofluorocarbons, lead and other particulate materials. In the United Arab Emirates (UAE), the generation of electricity and water desalination are considered the primary energy-consuming sub-sectors of the industrial sector, followed by other energy intensive industries such as the production of building materials, aluminium, fertilizers, and pharmaceutical industries [4] . Abu Dhabi is the largest of the seven emirates that comprise the UAE. With the growth of the country, Abu Dhabi has undergone remarkable development in many aspects over the past 40 years, and there has been a significant demand for new cogeneration plants for power and water production. Economic growth, population growth, and urbanization are the main parameters that have contributed to the high-energy consumption in the country. Among the above contributors, economic growth and higher urbanization have the greatest influence on annual energy consumption, which has ranged from as low as 9 TOE (Tonnes of Oil Equivalent)/capita to as high as 18 TOE/capita over the 23-year period (1980 to 2003) [4] . The UAE has an electricity production capacity of 18.747 GW (gigawatts), which is constrained by a lack of spare capacity during peak times. AERMOD and OSPM. AERMOD is a Gaussian dispersion model provided by the United States Environmental Protection Agency. OPSIS has modified the AERMOD model to fit the emission database structure and meteorology. The altered model can calculate the dispersion over an area using average climatological data, or the dispersion between specific dates using the actual meteorological data for these dates with an hourly resolution. The model is a flat 2-dimensional model. This means that topography is not considered, but the height of the emission source is taken into consideration. This model is based on the Geographic Information System (GIS) and was developed for air quality surveillance. The model consists of integrated tools for emission database development and dispersion modelling. The model requires the following input data:
More than 90% of the electricity production is fuelled by natural gas. The air quality in Abu Dhabi is generally good, and the air quality standards are met. The concentrations of benzene and carbon monoxide are well below the relevant standards, as are the hourly and daily concentrations of NO 2 and SO 2 [5] . This study can be considered a baseline study for any future expansion in the plant where based on these results, mitigation strategies are not required.
Description of the Study Area
Al Mirfa is a coastal town on the Arabian Gulf located in the western part of Abu Dhabi. The population of Al Mirfa and the neighbouring areas is estimated at 15,000. The region is predominantly composed of one and two story buildings, and is surrounded by open desert with no critical obstacles affecting plume transport and diffusion which need to be incorporated into the modelling analysis. The plant is located about 4 km upwind of town, and is equipped with four gas turbines that each has a capacity of 48 MW. The facility also has a distillation plant with a maximum capacity of 37.7 million gallons per day (MGD). The distillation plant runs continuously on natural gas and occasionally on diesel. In 2008, the plant burned 18,090 MSCf of gas and 14,238 gallons of diesel [6] . The major air pollution emission sources in the Al Mirfa region are the stationary sources of the power plant stacks. The plant consists of 12 stacks with an average height of 60 m from the ground level .The area under investigation was defined prior to the modelling process. Four receptors locations considered to require specific references in the air dispersion modelling study were identified as presented in Figure 1 , include the accommodation camp and local facilities (1), private palace (2), residential villas (3) and Al Mirfa Hotel (4).
Model Details
ENVIMAN is a combination of the dispersion models  Source information: Source coordinates emission rate, stack height and diameter, flue temperature and velocity;  Meteorological information: The meteorological data includes wind speed and direction, ambient air temperature, solar radiation and atmospheric pressure.
Meteorological Data
Meteorological conditions play a major role in defining air quality in an area by dispersing and dissipating pollutants or by aggravating air quality through the buildup of concentrations. As a result, the ground level concentration of pollutants depends on the meteorological conditions in the surrounding areas. The metrological parameters expected to affect the concentration of pollutants such as NO x and SO 2 are wind speed and direction, mixing height, ambient temperature and inversion layer [7] [8] [9] [10] . High wind speed is responsible for the effective ventilation of the air basin under specific conditions (no thermal inversion). Conversely, severe temperature inversion is associated with the high concentration of pollutants [10] . When the wind speed reaches its highest level, it helps to reduce the concentration of air pollutants, thereby reducing their hazardous effects. Conversely, slow wind or calm conditions can lead to a buildup of contaminants in the immediate vicinity of the sources [7] . Abu Dhabi has a tropical, semiarid climate, with hot summers, warm winters, and scant rainfall. The weather is sunny for most of the year, with high temperatures reach up to 50˚C during summer and pleasant temperatures in the winter months, with an average of 21˚C; however, the temperature can drop to single digits at night. The relative humidity during summer is very high, especially in coastal areas with an average of 76.33%. Two types of winds prevail in the emirate, dry northerly winds in winter, which help to ameliorate the weather, and brief, extremely hot, south easterly winds in 2007. The lowest humidity occurred during the afternoon, whereas the maximum value was recorded during early morning. The prevailing wind direction was northwest (NW) year round. There were no observable changes in wind direction seasonally (Figure 2) .
summer. Non-seasonal southerly to south easterly and westerly to north westerly or northerly winds occasionally flow across the emirate. In Al Mirfa, the predominant climatic condition can be described as hot, dry and sunny during summer, while it is mild and humid in winter, with occasional rain. In addition, the temperature may fall to 6.4˚C during the night in winter. 
Emission Inventory
Emission data is calculated using the United States EPA Emission Factor based on gas turbine capacity and fuel consumption data provided by the Al Mirfa plant. Table  1 summarizes the input data received from the plant [11] and the calculated emission quantities. Fluctuations in electricity production based on the monthly demand were also considered. The modelling approach followed in this study includes collecting the required physical data and site survey to investigate the area. Evaluation based on the Good Engineering Practice Stack Height (GEP) analysis [12] revealed that there were no buildings of significant size and proximity to the sources of emissions that needed to be included in the analysis. The pollutants considered for the study were NO x /NO 2 , CO, PM 10 and SO 2 . The ENVIMAN dispersion models do not include specific chemical reaction schemes for NO x to NO 2 conversion. Thus, it was assumed that the plant is operating at full load and the oxidation percentage of NO x to NO 2 was determined using a conversion proposed by the USEPA for permit modelling [13] . This method incorporates a three tier screening assessment approach, in which Tier 2 assumes that the ratio between NO x and NO 2 is 75% and was considered the most appropriate for the study.
Results and Discussion
Monthly natural gas consumption in Al Mirfa from 2007 to 2008 is presented in Figure 3 [6] . In 2008, the Al Mirfa plant recorded a 21% increase when compared with 2007. The emission rates of SO 2 and NO x show that the highest overall consumption of fuel was during summer because of the heavy load in this period, while the lowest was obtained during winter. The highest emission rate of SO 2 reported was 138 g/s in August, while the lowest values of 217 g/s were recorded in January.
Model and Measurement Comparisons
The ENVIMAN (OPSIS) model software was run based on the emissions from Al Mirfa power plant stacks using a selected mesh area of 12 Km × 12 Km with 2500 grid cells. The mesh coordinates, which are defined in terms of the X-and Y-axis, contain the selected source and receptors location. Plume depletion (dry or wet) was not used. To understand the combined uncertainty associated with the data and modelling, a validation-modelling test was set up. Meteorological data collected at the Al Mirfa monitoring station had been used and the dispersion model was executed on an hourly basis. The validation shows rather good agreement; however, there are some deviations or uncertainty that might have been caused by the different meteorological data ( Table 2 ). The model runs two different scenarios (natural gas and diesel fired plants) to evaluate the potential impact of air pollution emissions on the environment at four receptor points. Modeling results for both scenarios are presented in Table 3.
Model Results
The first scenario incorporates emissions from the Al Mirfa plant when operating on natural gas. The maximum predicted 1-hour CO concentration during the study period was 41 μg/m 3 , which is 0.14% of the threshold from the FEA and was recorded at a distance of 210 m from the plant, where no residential areas are located. This might be due to the fact that no pollution sources other than low levels of traffic exist in the vicinity of the plant. The maximum predicted hourly average concentrations of NO 2 These data indicates that when the plant was run on natural gas, there were no instances of the annual, daily or hourly standard limits being exceeded. The model output for NO 2 shows that less than 50% of NO 2 concentrations were below the limits and the highest hourly predicated concentration values did not approach the FEA standard ( Table 3) .
In the second scenario, it was assumed that the plant was fully fired by diesel. The model gave low annual average concentrations for pollutants, and no sites considered to be highly affected in the vicinity of the power plant by such concentrations. The hourly, daily and annual average concentrations predicted for the ground levels are strongly dependent on emission rates. The predicted daily concentration of SO 2 of CO and NO 2 shows a clear reduction in NO 2 and CO concentrations from scenarios 1 to 2. The simulation results show that there was no significant difference between the datasets for the two years considered. Based on gas consumption data, there was an increase in usage in 2007 and a reduction in 2008 with increased fuel use. These findings reflect the emissions and concentrations of the pollutants where a slight reduction in the ambient concentrations in the vicinity of the power plant, specifically at the receptors, was revealed.
Conclusion
Emission inventories from the Al Mirfa power plant were analyzed with seasonal variations in their power production. Meteorological data from 2007 and 2008 was obtained from Al Mirfa AAQMS and used as input data for the Envi met software to determine the stability class and upper air data and generate a compatible data file for implementation of the dispersion model. Two scenarios were tested, running the Al Mirfa power plant at full load using natural gas and using fuel oil. The impact of emissions was relatively low under both scenarios, even though the prevailing weather conditions were not particularly conducive to dispersing emissions. The model results indicate that the ground level concentrations for all compounds at the identified sensors were below their respective FEA standards. Furthermore, modelling revealed that the expected exposure of the receptors to pol-
